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Tyrosinase in a melanosome is known to be inactivated 
during melanin formation in vivo, and a similar inacti-
vation was observed in vitro when melanosomes isolated 
from Harding Passey mouse melanoma were incubated 
with dopa. Tyrosinase, whether particle bound or in 
soluble form, was inactivated during the dopa-tyrosinase 
reaction and the reduction rate of its activity was pro-
portional to the reaction time. Tyrosinase inactivation 
also occurred when ascorbic acid was added to the re-
action system; in which dopaquinone, an oxidation prod-
uct of dopa which is immediately converted back to dopa 
by ascorbic acid thus preventing melanin formation. 
When 14C-dopa or 14C-ascorbic acid were added to the 
reaction mixture, these radioactive substances were not 
recovered from the inactivated enzyme protein fraction 
after incubation. In addition this inactivation of tyrosin-
ase by dopa was not inhibited by any of: 1.4-diazabicy-
clo[2.2.2]octane, scavenger for singlet oxygen; D-man-
nitol, that for hydroxyl radical; superoxide dismutase, 
that for superoxide anion; and catalase, cleavaging en-
zyme for hydrogen peroxide. Thus the inactivation of 
tyrosinase appears to be due to neither these radicals, 
nor reaction products from dopa or ascorbic acid, but to 
changes in the enzyme itself. 
In mammals, melanin formation anq deposition occur on the 
cytoplasmic granule, the melanosome, in the melanocyte be-
cause tyrosinase [EC 1.14.18.1], the enzyme responsible for 
melanin formation, is bound to this specialized organelle [1]. In 
the process of melanization, melanosomes gradually mature 
along with the deposition of melanin on their internal structure, 
and tyrosinase becomes inactive as the melanosome matures. 
In other words, tyrosinase is known to be inactivated as a result 
of melanin formation (2,3]. In the case of plant tyrosinase, it is 
well known that a pronounced inactivation or destruction of 
plant catecholase occurs during the reaction. This does not 
appear to be due to products formed during oxidation of cate-
chol, but rather occurs concomitantly with the oxidation pro-
cess [ 4]. On the other hand, in the case of the inactivation of 
mammalian tyrosinase, the reduction in enzyme activity during 
melanin formation was flrst assumed to result from a blocking 
of the active centers of the enzyme with the quinoid interme-
diates (3]. However, recent kinetic studies in our laboratory 
indicated that the inactivation due to binding with reaction 
products did not seem to play a n important role in the mecha-
nism (5]. We observed, that the inactivation of tyrosinase also 
occurred in a dopa-melanosome reaction system containing 
ascorbic acid, which prevented the synthesis of m ela nin poly-
mer [6). This suggests that inactivation of the enzyme is not 
primarily due to a binding of the melanins newly synthesized to 
t he active site of the enzyme. 
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In the present paper we conclude that inactivation oftyrosin-
ase; either particle bound or in soluble form, occurs whenever 
dopa is oxidized by tyrosinase, regardless of whether the mela-
nin polymer is formed or not. It further shows that this inacti-
vation of the enzyme is due neither to binding of metabolites 
from dopa or ascorbic acid to the enzyme protein nor to oxygen 
radicals or hydroxyl radical that might be generated during the 
enzyme reaction of tyrosinase, which is a kind of oxygenase. 
MATERIALS AND METHODS 
Reagents and Enzymes 
The reagents and enzymes used were obtained from the following 
sources: dopa and superoxide dismutase [EC 1.15.1.1.] of bovine blood, 
from Sigma Chemical Co., St. Louis; catalase [EC 1.11.1.6] of bovine 
liver, from P-L Biochemicals, Inc., Milwaukee; L-ascorbic acid, 1.4-
Diazabicyclo(2.2.2.]-octane and Triton X-100, from Wako Pure Chem-
ical Industries LTD., Osaka; L-(1- 14C]-ascorbic acid, from New Englapd 
Nuclear, Boston; DL-3,4-dihydroxy-phenyl(2- 14C] alanin, from the Ra-
diochemical Center, Amersham. Other reagents were obtained com-
mercially. 
Preparation of Melanosomes 
Harding-Passey mouse melanomas were serially transplanted in 
Swiss strain mice. The entire actively growing mouse melanoma was 
excised when it reached 1.0 to 1.5 em in diameter, and was then 
homogenized in 0.25 M sucrose at about 0°C. Melanosomes were 
prepared from the large granule fraction isolated according to the 
method of Seiji et a! (7]. 
Preparation of Solubilized Tyrosinase 
Melanosomes were exposed to 50 mM potassium phosphate buffer 
(pH 6.8) containing 0.4% Triton X-100. After stirring for 30 min the 
suspension was centrifuged at 13,000 xg for 10 min. The resulting 
supernatant was frozen until use as a solubulized tyrosinase preparation 
in the experiments. 
E limination of Substrate and Metabolites from the Reaction Mixture 
To determine the remaining tyrosinase activity in the melanosomes 
after incubation with dopa and/ or ascorbic acid, dopa, ascorbic acid 
and their metabolites contained in the reaction mixture were eliminated 
as per the following procedure: The mixture was centrifuged at 13,000 
xg for 10 min at 0°C and the resulting precipitate was resuspended in 
50 rnM phosphate buffer (pH 6.8) . This washing process was repeated 
3 times after which ascorbic acid was completely eliminated (6]. 
Sephadex G-25 Gel Filtration 
Three milliliters of the solubilized tyrosinase reaction mixture and 
various reagents in 10 mM phosphate buffer (pH 6.8) containing 0.1% 
Triton X-100 were applied to a column of Sephadex G-25 (1.2 x 20 em) 
previously equilibrated with 10 mM phosphate buffer (pH 6.8) contain-
ing 0.1% Triton X-100. Elution was conducted with the same solution 
as used in the previous equilibration at a flow rate of 12 ml/ lu at 4°C 
and was monitored spectrophotometrically at 280 nm with LKB Uvi-
cord II. 
Assay of Tyrosinase 
Tyrosinase activity was assayed according to the method of Pomer-
antz [8]. Reaction mixtures in a final volume of 3 ml contained: 3 
!'moles of dopa, 30 !'moles of potassium phosphate buffer (pH 6.8), 0.1% 
of Triton X-100 in a -fmal concentration and solubilized tyrosinase or 
melanosome. The reaction was started by the addition of dopa after a 
3-min incubation at 30°C and the initial rate of the increasing absorb-
ancy of dopachrome at" 475 run was measured with a double beam 
spectrophotometer (Hitachi 124). For the calculation of the amount of 
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dopachrome formed, the value of 3. 7 X 104 was adopted as a molar 
extinction coefficient of dopachrome at 4 75 nm [8]. 
Determination of Radioactivity 
Aliquots of eluates of gel filtration were mixed in 5 mJ of toluene-
Triton X-100 scintillation fluid and the radioactivity was measured 
with a liquid scintillation spectrometer (lntertechnic SL-30). 
RESULTS 
Effect of Incubation with Dopa on the Activity of 
Melanosome Tyrosinase in the Presence or Absence of 
Ascorbic Acid 
Tyrosinase activity in melanosomes was decreased when 
melanosomes were incubated with dopa, and the inactivation 
rate was proportional to the incubation time, as shown in Fig 1. 
When melanin formation was completely blocked by the addi-
tion of ascorbic acid to the reaction mixture [9], tyrosinase was 
inactivated further than when incubated with dopa alone. In 
the absence of dopa in the reaction mixture, the inactivation of 
tyrosinase was far less regardless of whether ascorbic acid was 
added or not. 
Effect of Incubation with Dopa on the Activity of Solubilized 
Tyrosinase in the Presence or Absence of Ascorbic Acid 
In these experiments, solubilized tyrosinase from melano-
some with 0.4% Triton X-100 was used. After incubation with 
dopa in either the presence or absence of ascorbic acid, the 
reaction mixtures were applied to columns of Sephadex G-25 to 
remove low molecular materials including dopa, ascorbic acid, 
and their metabolites in the reaction mixture. As shown in Fig 
2, the peak of tyrosinase activity coincided with the void volume 
which is indicated as the first peak of transmittance at 280 nm 
in elution profile. Tyrosinase activity in each fraction eluted 
from the column is integrated as shown in Fig 2 and as sum-
marized in Table I. 
Solubilized tyrosinase was also inactivated by incubation 
with dopa and the inactivation was also greater in the dopa + 
ascorbic acid reaction system than in dopa alone as shown in 
experiments with melanosomes (Table I). 
Fate of 14 C-dopa in the Reaction of solubilized Tyrosinase 
and Dopa in the Presence or Absence of Ascorbic Acid 
Studies were concluded to determine whether the inactiva-
tion of tyrosinase by incubation with dopa and ascorbic acid 
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FIG 1. Effect of an incubation with dopa on melanosome tyrosinase 
in the presence or absence of ascorbic acid. The melanosome solu tion 
(total volume 50 ml) containing 25 mM phosphate buffer (pH 6.8) was 
incubated at 37°C (0 ), with 10 mM ascorbic acid (0), with 5 mM dopa 
(e) or with both 5 mM dopa and 10 mM ascorbic acid (•). After the 
incubation for the indicated period, each melanosome solu t ion was 
washed with 50 mM phosphate buffer (pH 6.8) and centrifuged at 13,000 
xg for 10 min. The resulting melanosomal precipitate was washed 2 
more times and then its enzyme activity was assayed. The activity of 
tyrosinase used in this experiment was 9.42 nmoles of dopachrome 
formed/min. Other conditions are described in Methods. 
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FIG 2. Effect of an incubation with dopa on solubilized tyrosinase in 
the presence or absence of ascorbic acid. Solubilized tyrosinase solution 
(total volume 3 rnl) containing 50 mM phosphate buffer (pH 6.8) and 
0.1% Triton X-100 was incubated at 37°C for 2 hr with various additions. 
After incubation, each mixture was applied on a column of G-25 (1.2 
X 20 em) and eluted with 10 mM phosphate buffer (pH 6.8) containing 
0.1% Triton X-100. Total activity of tyrosinase used in this experiment 
was 1.17 nmoles of dopachrome formed/min. A, alone; B, with dopa 
(final concentration, 10 mM); C, with ascorbic acid (final concentration, 
20 mM); D, with dopa and ascorbic acid. Their final concentrations were 
10 mM and 20 mM, respectively. Other conditions are described in 
Methods. Tyrosinase activity and transmittance measured at 280 run 
in the eluate were indicated as column and line, respectively. 
TABLE I. Tyrosinase activity remaining after dopa incubation in 
the presence or absence of ascorbic acid" 
Experiment Additions 
Before incubation 
A None 
B Ascorbic acid 
c Dopa 
D Dopa + ascorbic acid 
Tyrosinase activity 
remaining 
Dopachrome 
formed % (nmoles/ min) 
1.17 100 
1.17 100 
1.11 95 
0.805 69 
0.630 54 
"This table summarizes the results of experiments indicated in Fig 
2. 
was due to the modilication of enzyme tyrosinase by the binding 
of dopaquinone or of other dopa metabolites. As shown in Fig 
3, when solubilized tyrosinase was incubated with 14C-dopa 
alone, a fair amount of radioactivity was found in the protein 
peak which coincided with a void volume in Sephadex G-25 gel 
filtration. On the other hand, the radioactivity in the protein 
eluate was not signilicant when ascorbic acid was added. Simi-
larly when heat-inactivated-soluble tyrosinase was examined, 
there was almost no radioactivity in the void volume. 
Fate of 14C-Ascorbic Acid in a Reaction of Solubilized 
Tyrosinase, Dopa and Ascorbic Acid 
The following experiment was carried out in order to clarify 
the possibility that tyrosinase inactivation might be due to 
binding of the metabolites derived from ascorbic acid to tyro-
sinase. 
As shown in Fig 4, 14C-ascorbic acid was incubated with dopa 
and solubilized tyrosinase and then the reaction mixture was 
applied to a column of Sephadex G-25. No radioactivity was 
found in the protein fraction containing tyrosinase. The same 
result was obtained when heat-inactivated-soluble tyrosinase 
was incubated wit\1 dopa and 14C-ascorbic acid. 
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FIG 3. Binding of 14C-dopa to proteins containing solubilized tyro-
sinase after incubation with dopa in the presence or absence of ascorbic 
acid. Experimental conditions were the same as in Fig 2, except that 3.7 
JLCi of '''C-dopa was added to each reaction mixture and that inactivated 
tyrosinase which was treated with 80°C for 5 min was used as a control. 
A, with 14C-dopa; B, with '"C-dopa, ascorbic ac id and inactivated 
tyrosinase; C, with '"C-dopa and ascorbic ac id. --, transmittance at 280 
nm; o-o, radioactivity: of "C; 0 ----0 , radioactivity of '"C. Its scale is 
magnified 500 times. 
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FIG 4. Binding of '''C-ascorbic acid to proteins containing solubilized 
tyrosinase after incubation with dopa and '"C-ascorbic acid . Experi-
mental conditions were the same as in Fig 2, except that 0.2 mM 
ascorbic acid containing 3.3 JLCi of '''C-ascorbic acid was used in place 
of 20 mM ascorbic acid and that the incubation time was 20 min. A, 
with dopa, "C-ascorbic acid and inactivated tyrosinase; B, with dopa, 
'"C-ascorbic acid and active tyrosinase. --, transmittance at 280 nm; 
0-0, radioactivity of "C; 0 ----0 , radioactivity of 14C, its scale is 
magnified 100 times. 
E ffect of Incubation with Dopa in the N 2 Gas on 
Melanosome Tyrosinase Activity 
Tyrosinase reaction requires not only tyrosine or dopa but 
also 0 2 as a substrate, without which th e reaction can not 
proceed. It was then examined whether or not the incubation 
of tyrosinase with dopa in the absence of 0 2 would cause 
t yrosinase inactivation. As shown in Fig 5, tyrosinase inactiva-
tion did not occur in either the presence or absence of ascorbic 
acid when the air space of the reaction chamber was replaced 
with N 2. 
Effects of Various S cavengers on Inactivation of Solubilized 
Tyrosinase 
It has been shown that the inactivation of tyrosinase occurs 
during the reaction from dopa to dopaquinone in the presence 
of 0 2 regardless of wheth er melanin formation takes place or 
not (Fig 5) . One additional possibility remained: if any activated 
oxygen, such as superoxide anion and singlet oxygen, was to be 
generated in the process of enzyme reaction, it could attack the 
enzyme protein itself and cause inactivation. 
So it was then examined whether the inactivation of tyrosin-
ase would be prevented in the presence of various scavengers of 
activated oxygen. As shown in Table II, Catalase, a scavenger 
for hydrogen peroxide which generates hydroxyradical or sin-
glet oxygen in various conc:litions [lO,ll];·superoxide dismutase, 
scavenger for superoxide anion [11]; and 1,4-diazabicyclo-
(2.2.2]-octane, scavenger for singlet oxygen [12] did not prevent 
any inactivation of tyrosinase. 
DISCUSSION 
Various biochemical and electron-microscopic studies have 
been carried out on the melanin biosynthesis of the melanocyte 
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FIG 5. Effect of dopa incubation on tyrosinase activity in the pres-
ence of ascorbic acid and/ or N2 gas in place of air. The melanosome 
solution was incubated under various conditions indicated in the figme. 
Activity of tyrosinase in melanosome used in the experin1ent was 9. 72 
nmoles of dopachrome formed/min. Other experimental condi tions 
were the same as in Fig 1, except that 0.1 M phosphate buffer (pH 6.8) 
was used in place of 25 mM of same buffer in the mixtme, and that the 
air in the reaction chamber was replaced with N2 gas. N2 gas was 
bubbled into the reaction mixture for 15 min at 0°C before incubation. 
TABLE II. Effects of various scavengers of oxygen or hydroxyl 
radicals on inactivation of solubilized tyrosinase" 
Additions 
Before incubation 
Dopa 
Dopa + ascorbic acid 
Catalase 
Catalase+ dopa 
Catalase + dopa + ascorbic acid 
SOD6 
SOD+ dopa 
SOD + dopa + ascorbic acid 
DAB CO'' 
DABCO +dopa 
DABCO + dopa + ascorbic acid 
Tyrosinase activi ty 
remaining (%) 
100 
73 
67 
92 
51 
68 
93 
61 
49 
95 
53 
23 
"Solubilized tyrosinase was incubated for 2.5 hr with various addi-
tions. Catalase, 3 mg/3 ml; superoxide dismutase, 1 mg/ 3 ml; 1,4-
diazabicyclo-(2.2.2)-octane, 10 mM. Other experimental conditions were 
the same as in Fig 2. 
6 Abbreviations: SOD, Superoxide dismutase; DABCO, 1,4-diazabi-
cyclo-(2.2.2)-octane. 
[1-3, 5-7]. It is now known that in mammals m elanin is synthe-
sized by tyrosinase, , a constituent of melanosomes, and that 
m elanosomes contain not only tyrosinase but also m elanin, the 
product of th e tyrosine-tyrosinase reaction. Since tyrosinase is 
present on the melanosomes, which themselves undergo melan-
ization, th e relationship between melanization and tyrosinase 
activity of the melanosome constitu tes an interesting problem. 
The observation of the relationship between tyrosinase activity 
and the melanization of the m elanosome of the retinal pigment 
epithelium of chick embryo [13] and the experimental results 
of the in vitro melanization of melanosomes of mouse m elanoma 
led us to assume that th ere is an inverse relationship between 
melanin content and tyrosinase activity in th e melanosome 
[2]. The reduction in tyrosinase activity that occurred with an 
increase in melanization of the m elanosome appeared to result 
from a blocking of the active centers on th e enzyme, probably 
by th e quinoid intermediates. It was further shown that when 
'"C-dopa was incubated in vitro with soluble tyrosinase, 14C-
dopa was oxidized, and polymerized as a melanin quite rapidly 
and precipitated out. Then, '"C-labeled soluble tyrosinase was 
prepared and incubated with L-dopa. Time courses of the 
disappearance of labeled tyrosinase from the reaction systems 
clearly indicated that soluble tyrosinase combined with the 
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products of the dopa-tyrosinase reaction and precipitated out 
with them. Tyrosinase molecules thus precipitated out with 
melanin no longer possessed any enzyme activity [3]. The 
binding of the enzyme active center with products was assumed 
to be very tight and almost impossible to break, and the 
inactivation process of tyrosinase seemed to be irreversible 
during melanization of melanosomes. Then kinetic studies were 
carried out on the mechanism of the total inactivation of 
tyrosinase in the course of oxidation of dopa. The results of the 
kinetic treatments indicated that inactivation of tyrosinase 
occurred mainly in proportion to the total concentration of 
tyrosinase present, and the inactivation due to the binding with 
reaction products did not seem to play an important role in the 
mechanism [5]. 
As indicated above, it is well known that in both in vitro and 
in vivo systems, melanin formed during dopa-tyrosinase and/or 
dopa-melanosomes reactions combines with soluble tyrosinase 
and/or melanosomes. Thus if the inactivation was not due to 
binding of the reaction products, the inactivation of tyrosinase 
should occur prior to the combination of the reaction products 
with tyrosinase. On the other hand, it is known that in the case 
of plant tyrosinase, a pronounced inactivation or destruction of 
enzyme occurs during the course of reaction. This so-called 
"reaction inactivation", the exact nature of which is not known, 
is not due to products formed during the oxidation of catechol, 
but occurs at the time when catechol is oxidized [4]. In prepa-
rations of mammalian tyrosinase, this sort of enzyme inactiva-
tion has not been known to take place with the diphenolic 
substrate, dopa. In order to clarify the mechanism of the 
tyrosinase inactivation which may occur prior to combining 
with the reaction products, the preliminary experiments were 
carried out in our laboratory and the results obtained showed 
that the inactivation of tyrosinase did occur in the dopa-mela-
nosome reaction system containing ascorbic acid [6]. 
The results obtained in the preliminary report were con-
firmed using solubilized tyrosinase in place of melanosomes. 
That is, the oxidation product of dopa, dopaquinone and other 
oxidation metabolites derived from ascorbic acid which are 
produced during dopa-tyrosinase reaction were eliminated com-
pletely with a column chromatography from the protein fraction 
containing tyrosinase. As shown in Table I, soluble tyrosinase 
was inactivated by incubation with dopa and the inactivation 
was higher in the dopa + ascorbic acid reaction system (D) 
than in dopa alone (C). The reason why the inactivation in D 
is higher than in C is explained as follows: As has been known, 
dopaquinone is immediately converted back to dopa by ascorbic 
acid in the dopa + ascorbic acid reaction system, therefore, the 
concentration of dopa remains unchanged as long as ascorbic 
acid is present in the reaction system. Consequently, the 
amount of tyrosinase reaction in the dopa + ascorbic acid 
system is much greater than that in dopa alone after a certain 
incubation period; accordingly there is more inactivation of 
enzyme in the former than in the latter. 
There is also a possibility that ascorbic acid and its metabo-
lites or dopa metabolites might combine with enzyme protein 
during the enzyme reaction, thus inactivating tyrosinase. As 
shown in Fig 3 and 4, neither 14C-dopa nor 14C-ascorbic acid 
added to the reaction system were recovered in the protein 
fraction containing inactivated tyrosinase after chromatogra-
phy. As a control, the experiment was carried out with a heat-
inactivated enzyme and similar results were obtained. From 
these results it is most unlikely that tyrosinase is inactivated by 
metabolites of ascorbic acid and dopa produced in the reaction 
mixture during enzyme reaction. 
As is known, tyrosinase is one of the oxygenases which utilize 
a molecular oxygen as a substrate; thus, the effect of incubation 
with dopa on the melanosome tyrosinase was examined in a N2 
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gas phase in place of air. As shown in Fig 5, it is likely that 
unless the oxidation of dopa takes place with tyrosinase, inac-
tivation of tyrosinase does not occur. However, if the radical 
oxygens or hydroxyl radical are generated in the enzyme reac-
tion, they could possibly attack the tyrosinase protein itself and 
cause inactivation of the enzyme. Several oxygenases, such as 
xanthine oxidase, have been shown to have the superoxide 
anion, hydrogen peroxide and/or hydroxyl radical as interme-
diates in their catalytic cycle [14], and in other reports singlet 
oxygen seemed to be generated in the catalytic action [15]. 
These oxygen forms and hydroxyl radical are such highly 
reactive species that they can react towards cellular compo-
nents in vivo [10,11]. However scavengers for superoxide anion 
[11]; singlet oxygen [12]; and for hydrogen peroxide [11], did 
not prevent inactivation of the enzyme. As has already been 
reported, neither superoxide anion nor singlet oxygen were 
detected to have been generated during dopa-tyrosinase reac-
tion [6]. D-mannitol scavenger for hydroxyl radical [16] did not 
prevent inactivation of the enzyme [17). Production of hydroxyl 
radicals which react spontaneously with methionine to yield 
ethylene, which can be measured by gas chromatography with 
a flameionization detector [14,18) was also not detected in this 
enzyme reaction [17]. These results indicate that neither oxygen 
nor hydroxyl radicals are highly likely to be related to the 
inactivation of tyrosinase. 
The exact nature of inactivation of tyrosinase is not clarified 
as yet. 
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